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Abstract:  This paper presents a finite element analysis in ANSYS program of the proposed new wall construction 

with air layers, compared to the traditional one. As a result of the study of building modernization, 

considering the application of the adaptive energy-saving wall construction, it was revealed that the use of 

the proposed new energy-efficient construction would lead to significant energy savings. Thus, the analysis 

of the value of thermal transfer resistance in the new construction with heat-reflecting screens on the inner 

surface of the thermal insulation layer showed an efficiency increase by a factor of 1.11 compared to an 

enclosure without heat-reflecting screens, and by 1.19 times compared to a traditional ventilated facade. At 

the same time, a comparison of the specific characteristics of the constructions showed that the proposed 

new design with heat-reflecting screens is 4% more efficient than the traditional one. Taking into account 

the obtained results, the proposed energy-efficient construction can be applied in building construction and 

also positively complement the catalog of existing exterior facade systems with air layers. 
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1 INTRODUCTION 

Recently, the issue of energy efficiency in buildings 

has been discussed at the international and public 

policy level. Daily discussions focus on the 

limitations of natural resources, climate change, and 

other related problems. The rational use of energy 

resources can only be achieved through the 

comprehensive application of advanced energy-

saving technologies and the implementation of 

organizational measures aimed at energy 

conservation]. The constant increase in energy 

resource prices and tariffs directly impacts the 

production processes of any enterprise. The solution 

to this problem lies in one approach—the need to 

save energy and implement measures that promote 

this. A comprehensive approach is required, taking 

into account that the energy efficiency level of a 

building depends on architectural and planning 

decisions, building layout, the impact of natural and 

climatic conditions, the operation of heating and air 

conditioning systems, and the level of automation in 

climate control systems. Currently, heat engineering 

standards require a significant increase in the level 

of thermal protection for newly designed and 

reconstructed buildings. The optimization of fuel 

and energy resources use is ensured by the 

introduction of a set of interrelated legislative acts 

and regulatory and technical documents, aimed at 

achieving economic efficiency of energy resources 

use at the existing level of development of 

techniques and technologies and compliance with 

requirements for environmental protection. 

Considering that buildings consume a significant 

amount of heat energy, for example, in multi-

apartment residential buildings heat losses occur in 

the amount of 20-30 % through the facade walls, 30-

40 % through the ventilation system, 12-25 % 

through windows and entrance doors, 10-20 % of 

losses through the roof and 3-6 % through the 

basement. This situation is of great interest to 

researchers who contribute to the solution of this 

issue by proposing different solutions. For example, 

the authors in (Lizana, Chacartegui, Barrios-Padura, 

Valverde, 2017) review recent advances in the 

development of thermal energy storage materials for 

building applications oriented towards zero-energy 

consumption. The volumetric heat capacity of 

sensible, latent and thermochemical energy storage 

materials developed for low and moderate 

temperature applications have been reviewed and 

evaluated, with special emphasis on their technical 

characteristics and stage of development. The study 

(Liu, Yu, Zhang, 2017) presents the modelling of an 

innovative ventilated closure wall structure used for 

exhausting indoor air. A numerical model of the 

construction was developed and validated by 

experimental tests, the effect of material in the 

ventilated exterior closure construction and the 

effect of cavity air flow rate on the thermal 

performance of the exterior structure were also 

studied. The results showed that the ventilated 

exterior wall construction has superior energy saving 

performance compared to the traditional one. The 

works (Marinosci, Semprini, Morinia, 2014; 

Mavromatidis, Bykalyuk, El Mankibi, Michel, 

Santamouris, 2012) were to provide insight into the 

benefits of multilayer thermal insulation in buildings 

placed in combination with two air gaps. A 

numerical approach was developed to determine the 

effect of air gap thickness on the overall thermal 

resistance of a multilayer wall. A total of nine 

different configurations were chosen as the initial 

condition, where theoretical thermal resistances 

were calculated and compared, leading to an 

empirical polynomial equation that calculates the 

total thermal resistance of a wall complex based on 

two values of air gap thickness. The study of heat 

loss reduction due to the optimal choice of thermal 

insulation and air gap parameters. In (Kiryudcheva, 

Shishkina, 2015) a comparative analysis of facade 

systems was carried out. As an example, three 

variants of facades were chosen: traditional facade, 

plaster insulated facade, ventilated facade. As a 

result of the analyses, the ventilated standard façade 

was presented as the most effective, taking into 

account the climatic features of the region.       

Overall, it can be seen that many studies focus on 

the energy efficiency of external enclosures and the 

processes occurring within them. However, there is a 

lack of comprehensive studies that determine the 

energy efficiency class based on the proposed 

solutions by researchers, which requires further 

investigation. Therefore, the authors, in the 

continuation of their work, suggest determining the 

energy efficiency class based on the developed 

external enclosure design. At the same time, the 

energy efficiency of buildings will indirectly lead to 

significant savings in construction costs and the 

maintenance of buildings involved in the supply 

(Ibraimova, Suleimenov Moldagaliyev, Buganova, 

Jumabayev, Kolesnikov, Tursunkululy, 2023; 

Zhangabay, Ibraimova, Bonopera, Suleimenov, 

Avramov, Chernobryvko, Yessengali, 2024) or 

storage of energy resources (Tursunkululy, 

Avramov, Chernobryvko, Suleimenov, Utelbayeva, 

2022; Tursunkululy, Avramov, Chernobryvko, 
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Kambarov, Abildabekov, Narikov, Azatkulov, 

2023). 

2 METHODS AND MATERIALS 

The analysis considered three types of external 

enclosures. As a new proposed design, an enclosure 

with continuous air layers and a heat-reflecting 

screen was investigated, and its thermal technical 

characteristics were compared with traditional 

external enclosures. The main geometrical 

parameters of the wall structures are presented in 

Figures 1-3, and the thermal performance of the 

construction materials is presented in Table 1-3. 

 

 
a 

 
b 

Figure 1: Traditional ventilated façade (option 1): a. 

Geometric parameters of the wall structure; b. Finite 

element model containing 60000 hexagonal finite 

elements with 270351 nodes, where the average quality of 

the model element is 0.9816. 

 
a 

 
b 

Figure 2: Enclosure with air layers without heat-reflecting 

screen: a. Geometric parameters of the wall construction 

(Option 2); b. Finite element model containing 25767 

hexagonal finite elements with 124901 nodes, where the 

average quality of the model element is 0.9736. 

 
a 

 
b 

Figure 3: Enclosure with air layers and heat-reflecting 

screen (Option 3): a. Geometric parameters of the wall 

construction; b. Finite element model containing 25,767 

hexagonal finite elements with 124,901 nodes, where the 

average quality of the model element is 0.9736. 

Table 1. Thermal technical characteristics of the materials 

used in the construction of figure 1 (Kudabayev, 

Mizamov, Zhangabay,  Suleimenov, Kostikov, 

Vorontsova, Buganova, Umbitaliyev, Kalshabekova, 

Aldiyarov, 2022; Ibraimova, Suleimenov, Moldagaliyev, 

Buganova, Jumabayev, Kolesnikov, Tursunkululy, 2023). 

№ Layer name 

 

Thermal 

conductivit
y for the 

operating 

area А, λ, 

(W/(mºC) 

1 Cement-sand mortar, 10mm 0.76 

2 Wire-cut brick with a density of 1800 

kg/m³, 380mm 

0.7 

3 Insulation – Basalt slabs "DiRock 

Facade," with a density of 110 kg/m³, 

80mm 

0.035 

4 Air layer, 200mm - 

5 Facing layer of porcelain stoneware 

with a density of 2800 kg/m3, 10mm  

3.49 

Table 2: Thermal technical characteristics of the materials 

used in the construction of figure 2 (Kudabayev, 

Mizamov, Zhangabay,  Suleimenov, Kostikov, 

Vorontsova, Buganova, Umbitaliyev, Kalshabekova, 

Aldiyarov, 2022; Ibraimova, Suleimenov, Moldagaliyev, 

Buganova, Jumabayev, Kolesnikov, Tursunkululy, 2023). 

№ Layer name 
 

Thermal 
conductivit

y for the 
operating 

area А, λ, 

(W/(mºC) 

1 Cement-sand mortar, 10mm 0.76 

2 Wire-cut brick with a density of 1800 

kg/m³, 380mm 

0.7 

3 Dead air space, 25мм - 

4 Insulation – Basalt slabs "DiRock 
Facade," with a density of 110 kg/m³, 

80mm 

0.035 

5 Air layer, 175мм - 

6 Facing layer of porcelain stoneware 
with a density of 2800 kg/m3,10mm  

3.49 
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Table 3: Thermal technical characteristics of the materials 

used in the construction of figure 3 (Kudabayev, 

Mizamov, Zhangabay,  Suleimenov, Kostikov, 

Vorontsova, Buganova, Umbitaliyev, Kalshabekova, 

Aldiyarov, 2022; Ibraimova, Suleimenov, Moldagaliyev, 

Buganova, Jumabayev, Kolesnikov, Tursunkululy, 2023). 

№ Layer name 

 

Thermal 

conductivit

y for the 
operating 

area А, λ, 

(W/(mºC) 

1 Cement-sand mortar, 10mm 0.76 

2 Wire-cut brick with a density of 1800 

kg/m³, 380mm 

0.7 

3 Dead air space, 25мм - 

4 Insulation – Basalt slabs "DiRock 

Facade," with a density of 110 kg/m³, 

80mm 

0.035 

5 Heat reflective film - 

7 Air layer, 175мм - 

7 Facing layer of porcelain stoneware 

with a density of 2800 kg/m3,10mm  

3.49 

2.1 Climatic and internal boundary 
conditions of the region  

The climatic parameters of Shymkent city, Republic 

of Kazakhstan (Zhangabay, Tursunkululy, 

Utelbayeva, Abdikerova, Sultanov, 2025) were taken 

as the study region. The main climate parameters are 

presented in Table 4.  

Table 4: Climate parameters of Shymkent city 

(Zhangabay, Tursunkululy, Utelbayeva, Abdikerova, 

Sultanov, 2025). 

№ Indicators Values 

1 Indoor humidity regime Normal 

2 Humidity zone Dry 

4 Operating conditions of enclosing 

structures 

А 

3 Average temperature of the coldest 
five-day period with a reliability of 

0.92 

–14,3 C 

4 Average annual humidity 57% 

5 Maximum of the average wind 
speeds by compass directions in 

January 

6.0 m/sec 

6 Heating season duration 136 days 

7 Indoor temperature in winter 20C 

8 Indoor humidity 55% 

9 Required thermal transfer resistance 2.25 W/m2-

°C 

2.2  Methodology for assessment of 
thermal protection of residential 
building with considered wall 
constructions 

The studied building in the Republic of Kazakhstan 

on the territory of Shymkent city, geometric 

parameters of which are presented in Table 5.   

Table 5: Geometric parameters of the building. 

Indicator Normative 

value  

Actual 

value 

Total floor area of the building (A), 
m² 

- 
210,0 

Calculated area (for public 

buildings) (A1), m² 

- 
- 

Heated volume (V), m³ - 570 

Glazing ratio of the building facade 
(f) 

≤0,18 0,10 

Building compactness factor (K1) 0,9 0,94 

Total area of the external building 

enclosing structures, including 
(A0), m²: 

- 

536,8 

1) Walls (separately by type of 

construction), A2 

- 
264,0 

2) Windows and balcony doors, A3 - 28,8 

3) Entrance doors and gates 

(separately), A4 

- 
4 

4) Attic floors, A5 - 120,0 

5) Floors above technical basements 
or unheated cellars, A6 

- 
120,0 

 
Figure 4 shows the methodology for evaluating 

the thermal protection of a building.
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Figure 4: Algorithm for assessing the thermal protection of a building.

3 RESULTS AND DISCUSSIONS 

Figures 5-7 show the results of modelling the 

temperature fields of wall exterior structures in 

ANSYS according to the described methodology 

presented in Section 2. 

 

 
a) 

Energy loads of the building: 

 

 

 
 

 

The coefficients are 

presented in Table 8. 

Complex indicators:  

 
 

 

Specific characteristics. Specific 

thermal insulation characteristic of the 

building: 

 
 

 

Definition of the degree-day 

heating period index 

GSOH = (t₂ - t₃)z₁ 

 

 

The thermal properties of the 

materials, geometric, and climatic 

values are presented in Tables 1-

5. 

 

Thermal performance indicators. 

Definition of the indicator for the 

equivalent thermal resistance of the 

wall heat transfer in the ANSYS 

program. 

 

Auxiliary indicators. Overall heat 

transfer coefficient of the building: 
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b) 

Figure 5: Temperature field in the wall enclosure 

according to Figure 1: a. Temperature field model in 

ANSYS; b. Temperature distribution diagram of the 

enclosure by layers (Zhangabay, Tursunkululy, 

Utelbayeva, Abdikerova, Sultanov, 2025). 

 

a) 

 

b) 

Figure 6: Temperature field in the wall enclosure 

according to Figure 2: a. Temperature field model in 

ANSYS; b. Temperature distribution diagram of the 

enclosure by layers (Zhangabay, Tursunkululy, 

Utelbayeva, Abdikerova, Sultanov, 2025) . 

 

a) 

 

b) 

Figure 7: Temperature field in the wall enclosure 

according to Figure 3: a. Temperature field model in 

ANSYS; b. Temperature distribution diagram of the 

enclosure by layers (Zhangabay, Tursunkululy, 

Utelbayeva, Abdikerova, Sultanov, 2025). 

Figure 8 shows the result of analysing the heat 

transfer resistance of the investigated wall exterior 

structures according to the calculation methodology 

presented in Section 2. 
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Figure 8: Value of heat transfer resistance of the 

considered wall constructions. 

The analysis of the values of temperature fields 

and heat transfer resistance of the external structures 

shows that all the constructions meet the required 

heat resistance value of 2.25 W/m²·°C. However, the 

proposed new energy-efficient wall construction 

with a heat-dissipating screen (Figure 3) 

demonstrates significantly better performance 

compared to the traditional construction with a 

ventilated layer (Figure 1) and the enclosure without 

a heat-dissipating screen (Figure 2) made of ceramic 

bricks, where the effectiveness showed 

improvements of 1.19 and 1.11 times, respectively. 

3.1 Analysis of the thermal protection 
of the building with regard to the 
investigated external wall 
constructions 

A comparative assessment of the investigated façade 

structures has been carried out, based on the 

calculation methodology presented in Section 2.  

Table 6 presents the obtained and accepted values of 

the heat transfer resistance index of the exterior wall 

enclosures depending on.  

Table 6: Values of the equivalent thermal resistance of 

external enclosures depending on the type of enclosure. 

Types of 
exterior 

enclosure 

Stand
ardize

d 

value, 
m²·°

C/W 

Calcul
ated 

value, 

m²·°C/
W 

(Varia

nt 1) 

Calcul
ated 

value, 

m²·°C/
W 

(Varia

nt 2) 

Calcul
ated 

value, 

m²·°C/
W 

(Varia

nt 3) 

Note 

Exterior 
wall 

1.42 3.612 3.874 4.313 

Accepte
d 

accordin

g to 
Section 

3.1 

Windows 

and 
balcony 

doors 

0.32 0.44 0.44 0.44 

Accepte

d 
conditio

nally 

Entrance 
doors and 

gates 

(separate) 

1.42 1.57 1.57 1.57 

Accepte
d 

conditio

nally 

Attic 

floors 
2.40 2.63 2.63 2.63 

Accepte

d 

conditio
nally 

Floors 

over 

technical 
cellars or 

unheated 

basements 

2.40 2.71 2.71 2.71 

Accepte

d 

conditio
nally 

 
Figure 9 presents the auxiliary values in the form 

of the overall heat transfer coefficient of the 

building, calculated according to the method 

presented in Section 2. 

 

Figure 9: Value of the overall heat transfer coefficient of 

the building. 

Table 7 presents the results of the analysis of the 

specific characteristics of the building, calculated 

according to the calculation method presented in 

Section 2. 

Table 7: Specific characteristics of the building. 

Indicator 
 

Stan

dard
ized 

valu

e of 
the 

Calculat

ed 
design 

value of 

the 
indicato

Calcul

ated 
design 

value 

of the 
indicat

Calcul

ated 
design 

value 

of the 
indicat

Note 
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indi
cato

r 

r 
(Figure 

1a) 

or 
(Figur

e 1b) 

or 
(Figur

e 1c) 

Specific 

thermal 
insulation 

characterist

ic of the 
building, 

kоб,  

W/(m3 оС) 

0,62 0.24 0.23 0.22 

Acce

pted 
accor

ding 

to 
Secti

on 

2.3 

Specific 
ventilation 

characterist

ic of the 

building, 

kвент, 
W/(m3 оС) 

-----

- 
0.33 0.33 0.33 

Acce
pted 

condi

tional

ly 

Specific 

characterist

ic of 
domestic 

heat 

emissions 
of the 

building, 

kбыт, 
W/(m3 оС) 

- 0.12 0.12 0.12 

Acce

pted 

condi
tional

ly 

Specific 

characterist
ic of heat 

gains in the 

building 
from solar 

radiation, 

kрад, 
W/(m3 оС) 

- 0.12 0.12 0.12 

Acce

pted 
condi

tional

ly 

Table 8 presents the required coefficients for 

determining the comprehensive energy efficiency 

indicators and energy loads of the building. 

Table 8: Coefficient values for determining the 

comprehensive energy efficiency indicators. 

Indicator Regulatory 
value of the 

indicator 

Efficiency coefficient of heating 
autoregulation, ζ 

0,5 

Coefficient accounting for the reduction in 

heat consumption in residential buildings 

with individual heating energy metering,ξ  

0,1 

Efficiency coefficient of the recuperator, kэф 0 

Coefficient accounting for the reduction in 

the use of heat gains when they exceed heat 

losses, ν 

0,74 

Coefficient for additional heat losses in 

the heating system, βh 
1,13 

 

Figure 10 presents the results of the calculation 

of the comprehensive energy efficiency indicator in 

the form of a specific characteristic of the heat 

energy consumption for heating and ventilation of 

the building during the heating season for different 

types of external wall enclosures. 

 

Figure 10: Values of complex energy efficiency indicators 

of the building. 

 Figure 11 shows the results of calculation of 

energy loads in the form of specific heat energy 

consumption and heat energy consumption for 

heating and ventilation of the building for the 

heating period, as well as total heat losses of the 

building for the heating period in terms of types of 

external enclosures. 

 

Figure 11: Values of the energy loads of the building. 

The analysis determined that the effectiveness of 

the proposed new design was also demonstrated by 

the results of the study of the building's thermal 

protection, where the specific characteristics and 

energy loads of the building showed an efficiency of 

4% compared to other investigated designs. 
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4 CONCLUSIONS 

As a result of the study on the building 

modernization with the implementation of an 

adaptive energy-saving wall structure, it was found 

that the use of energy-efficient façade constructions 

would lead to significant energy savings. A finite 

element analysis in the ANSYS program of the 

thermal resistance of the proposed design, compared 

to the traditional ventilated façade, showed that the 

new design, with heat-reflecting screens on the inner 

surface of the insulation layer, is 1.11 times more 

efficient in terms of thermal resistance than the 

proposed design without heat-reflecting screens, and 

1.19 times more efficient than the traditional 

ventilated façade. The results obtained from the 

analysis of the new design, compared with other 

indicators such as auxiliary specific characteristics 

and comprehensive values of energy efficiency 

indicators and energy loads, demonstrated a 4% 

higher efficiency compared to other studied designs. 

The results of this study showed that the use of the 

proposed design for external enclosures in 

construction or reconstruction leads to significant 

improvements in the thermal performance of 

buildings. Furthermore, the results of this study can 

be used by scientific and technical specialists when 

designing energy-efficient buildings. 
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Acronyms 

 
Outdoor air temperature, °С  

 
Average outdoor air temperature for the heating 

period, °С 

 
Duration of the heating period, day/year  

 

Quantity of intake air into the building at 

unorganized supply or standard value for 
mechanical ventilation, m3/h 

 

Sum of areas (according to the internal 

measurement of all external enclosures of the 
heated building envelope), m 2 

 

Coefficient accounting for the difference between 

the internal or external temperature of the structure 

from those assumed in the calculation of GSO 
(generalized thermal resistance) 

 

Area of the corresponding fragment of the building 

thermal protective shell, m2; 

 

Present resistance to heat transfer of the i fragment 

of the building thermal protective shell,  m2·°С/W 

V  Heated volume, m3;  

 
Specific heat protection characteristic of the 

building, W  

 
Specific characteristic of domestic heat emission 

of the building, W  

 
Specific ventilation characteristic of the building, 

W   

 

Coefficient of air volume reduction for the 

building, taking into account the presence of 

internal enclosing structures 

 

Specific characteristic of heat input to the building 

from solar radiation, W  
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